Signaling pathways for arsenic-stimulated vascular endothelial growth factor-a expression in primary vascular smooth muscle cells.
Chronic arsenic exposure is associated with an increased risk for cancer, cardiovascular disease (including ischemic heart disease and hypertension), peripheral vascular disease, and diabetes. Arsenic causes blood vessel growth and remodeling in vivo and cell specific, dose-dependent induction vascular endothelial growth factor-A (VEGF), which is essential for both processes. The current study examined the hypothesis that low, environmentally relevant levels of trivalent arsenic (AsIII) activate discrete signaling pathways in vascular smooth muscle cells (SMC) to induce expression of VEGF. AsIII caused a progressive increase in VEGF mRNA levels over a 48 h period in primary porcine SMC with a threshold of 1-2.5 microM. VEGF protein levels increased with a similar concentration dependence and time course. Hypoxia inducible factor-1alpha (HIF-1alpha) protein and mRNA levels also increased in response to AsIII. However, unlike the response to an iron chelator, AsIII-induced VEGF was not inhibited by siRNA directed toward HIF-1alpha. Instead, a novel protein kinase C, PKCdelta, was activated by AsIII to induce VEGF and stabilize HIF-1alpha. Consistent with this activation, AsIII caused coordinate increases in the levels of the intracellular second messenger diacyglycerol (DAG). These data suggest that AsIII induced divergent signaling pathways in SMCs that lead to independent increases in VEGF expression and HIF-1alpha signaling. However, these pathways both require initial increases in DAG levels and PKC activity.